Concurrent observation of bulk and protein hydration water by spin-label ESR under nanoconfinement.
Under nanoconfinement the formation of crystalline ice is suppressed, allowing the study of water dynamics at subfreezing temperatures. Here we report a temperature-dependent investigation (170-260 K) of the behavior of hydration water under nanoconfinement by ESR techniques. A 26-mer-long peptide and the Bax protein are studied. This study provides site-specific information about the different local hydrations concurrently present in the protein/peptide solution, enabling a decent comparison of the hydration molecules-those that are buried inside, in contact with, and detached from the protein surface. Such a comparison is not possible without employing ESR under nanoconfinement. Though the confined bulk and surface hydrations behave differently, they both possess a transition similar to the reported fragile-to-strong crossover transition around 220 K. On the contrary, this transition is absent for the hydration near the buried sites of the protein. The activation energy determined under nanoconfinement is found to be lower in surface hydration than in bulk hydration. The protein structural flexibility, derived from the interspin distance distributions P(r) at different temperatures, is obtained by dipolar ESR spectroscopy. The P(r) result demonstrates that the structural flexibility is strongly correlated with the transition in the surface water, corroborating the origin of the protein dynamical transition at subfreezing temperatures.